Context. A subclass of the upper main sequence chemically peculiar stars, mercury-manganese (HgMn) stars were traditionally considered to be non-magnetic, showing no evidence for variability in spectral line profiles. However, recent discoveries of chemical inhomogeneities on their surfaces call for revision of this question. In particular, spectroscopic time-series of AR Aur, α And, and five other HgMn stars indicate the presence of chemical spots. At the same time, no signatures of global magnetic fields were detected. Aims. In order to understand the physical mechanism that causes the formation of chemical spots in HgMn stars and to gain insight into the potential magnetic field properties at their surfaces, we performed a highly sensitive search for magnetic fields on a large set of HgMn stars. Methods. With the aid of a new polarimeter attached to the HARPS spectrometer at the ESO 3.6m-telescope, we obtained high-quality circular polarization spectra of 41 single and double HgMn stars. Using a multi-line analysis technique on each star, we co-added information from hundreds of spectral lines resulting in significantly greater sensitivity to the presence of magnetic fields, including very weak fields. Results. For the 47 individual objects studied, including 6 components of SB2 systems, we do not detect any magnetic fields at greater than the 3σ level. The lack of detection in the circular polarization profiles indicates that if strong fields are present on these stars, they must have complex surface topologies. For simple global fields, our detection limits imply upper limits to the fields present of 2-10 Gauss in the best cases. Conclusions. We conclude that HgMn stars lack large-scale magnetic fields, typical for spotted magnetic Ap stars, sufficient to form and sustain the chemical spots observed on HgMn stars. Our study confirms that in addition to magnetically altered atomic diffusion, there exists another differentiation mechanism operating in the atmospheres of late-B main sequence stars which can compositional inhomogeneities on their surfaces.
Introduction
Mercury-manganese (HgMn) stars form a subclass of the upper main sequence chemically peculiar (CP) stars, showing a notable overabundance of Hg, Mn, Y, Sr and other, mostly heavy, chemical elements with respect to the solar chemical composition. HgMn stars are frequently found in binaries and lie on the H-R diagram between the early-A and late-B spectral types, which corresponds to T eff = 9500-16000 K (Dworetsky, 1993) .
While most other, normal stars in this spectral range are rapid rotators with v e sin i = 200 − 300 km s −1 (Abt & Morrell, 1995) , HgMn stars are typically slow rotators, making them ideal late-B targets for detailed abundance analyses. The HgMn stars were for a long time considered to have chemically homogeneous atmospheres, with no obvious vertical chemical abundance stratification or horizontal concentrations of some elements into surface spots of high elemental abundance such as those in magnetic Ap stars of similar temperatures (Kochukhov, 2004) . This view was historically supported by the lack of a definite detection of line profile variability in any HgMn star. However, recently Adelman et al. (2002) line of Hg ii λ 3984 Å based on high-resolution and high signalto-noise (S/N) ratio spectroscopic data obtained for the brightest HgMn star: α And. They attributed the variability in the Hg ii line to horizontal inhomogeneities of the mercury abundance across the stellar surface and reconstructed a surface map of Hg with the help of Doppler imaging.
Later, Kochukhov et al. (2005) found two other HgMn stars (HR 1185 and HR 8723) possessing spotted structure in their abundance of Hg. The fourth star, the eclipsing HgMn binary AR Aur studied by Hubrig et al. (2006) , was reported to exhibit line profile variability of Hg and also such chemical elements as Y, Zr, Pt, and Sr. These results were confirmed by the independent study of Folsom et al. (2010) .
An additional unexpected discovery was made by Kochukhov et al. (2007) for the HgMn star α And. From the analysis of the Hg ii 3984 Å line observed over a timespan of 7 years they inferred surface maps which display morphological changes of spots on a time scale of only a few years. In comparison to well-studied magnetic CP stars, this behavior of the surface abundance distribution is quite surprising because all other early-type spotted stars show spot configurations that are stable over tens of years (e.g., Adelman et al., 2001 ).
Finally, Briquet et al. (2010) investigated time-series spectra of three more HgMn stars and concluded that all of them display variability in their line profiles. The star HD 11753 showed variability in Y, Sr and Ti; while HD 53244 and HD 221507 both show variable profiles of their Mn and Hg lines. In addition, HD 221507 displays variations in its Y lines. In summary, these recent studies show there are at least 7 spotted HgMn stars and possibly many more. It is still not clear how typical this behavior is for this class of CP stars. Furthermore, it is not clear what physical processes are responsible for the formation of these structures on the stellar surface.
It is generally believed that a strong magnetic field is a necessary ingredient for creating inhomogeneities in the stellar atmosphere, leading, for example, to the formation of temperature or chemical spots (e.g., Jeffers & Donati, 2008; Lüftinger et al., 2010) . Within this framework, a number of spectropolarimetric observations have been carried out on HgMn stars in order to confirm or disprove the presence of magnetic fields on these stars which could be responsible for the formation of chemical spots. The first systematic attempt to detect magnetic signatures in high-resolution circularly polarized spectra of HgMn stars was made by Shorlin et al. (2002) . This study included a sample of 10 stars which were analysed at a resolution of R = 35 000, yielding upper limits for the magnetic field strength of 29 to 100 G. To date, this is the only extensive magnetic survey of HgMn stars. Several other studies searched for magnetic fields in individual spotted HgMn stars. For instance, Wade et al. (2006) searched for magnetic a field in α And. They analysed magnetic field measurements obtained with three different polarimeters and concluded that the star has no longitudinal magnetic field stronger than about 6-19 G. Folsom et al. (2010) performed similar analysis for AR Aur, once again finding no field stronger than 20-40 G. Finally, Auriere et al. (2010) presented an analysis of a small sample of three bright, sharp-lined HgMn stars, reporting no magnetic field detections at the level of 1-3 G.
Previous magnetic field studies of HgMn stars suffered from several fundamental limitations. First, with the exception of the four stars studied by Wade et al. (2006) and Auriere et al. (2010) , previous work was not particularly precise, possibly missing weak magnetic fields which are still capable of causing chemical spot formation. Second, they included a small number of HgMn stars, often with a strong emphasis on the most slowly rotating ones. Thus, the class as a whole has not been well surveyed.
To overcome drawbacks associated with previous magnetic field studies on these stars, and to provide new insights into the spot formation physics of late-B stars, we have initiated a spectropolarimetric survey of a large sample of HgMn stars. We investigate HgMn stars with a broad range of atmospheric parameters and rotational velocities. Most of these objects have not been studied before with the high-resolution spectropolarimetry. Taking advantage of a new polarimeter, HARPSpol, attached to the HARPS instrument at the ESO 3.6-m telescope in La Silla, Chile, we were able to push the limits of magnetic field detection in early-type stars down to remarkably low levels.
In Sect. 2.1 we describe our target selection procedure. Sect. 2.2 discusses our spectropolarimetric observations. Sect. 2.3 outlines the principles of the reduction of the spectropolarimetric data from HARPSpol. We discuss our multi-line magnetic field detection technique in Sect. 3.1 and present the results of our magnetic field measurements in Sect. 3.2. Sect. 4 summarizes our results and discusses them in the context of recent studies of HgMn stars. 
Observations

Target selection
To compile our target list we used the catalogue of Ap, HgMn, and Am stars published by Renson & Manfroid (2009) . In order to optimize our observations for the detection of weak magnetic fields and to cover a statistically large sample of HgMn stars, we put several constraints on the stellar parameters. All objects with v e sin i > ∼ 70 km s −1 were excluded because magnetic field measurements are considerably less accurate for rapid rotators in comparison to the moderately and, especially, slowly rotating stars. We also preferentially selected brighter stars. Aiming to reach a signal-to-noise ratio (S /N) of ≈ 300, we selected only targets brighter than m V = 7. A total of 45 HgMn stars were found that satisfied these criteria. Our three observing runs covered 41 of them. Among these stars 6 are spectroscopic binary systems, allowing magnetic field measurements on both components.
In the Table 1 we present the list of observed stars, giving their HD and HR numbers, visual magnitude, effective temperature and binary status. The effective temperature of all ob-jects was estimated using the Moon & Dworetsky (1985) calibration of the Strömgren photometric parameters as implemented in the TempLogG code (Kupka & Bruntt, 2001 ). The Strömgren photometry was obtained from the Simbad 1 database. Information about binarity was extracted from the catalogue of Pourbaix et al. (2004) and complemented by the results of several recent studies of individual binary systems. For a few stars we used our LSD line profiles as described below to detect binarity.
Spectropolarimetric observations
Our observations were obtained using the newly built polarimeter HARPSpol (Snik et al., 2008) attached to the HARPS spectrometer (Mayor et al., 2003) at the ESO 3.6-m telescope. With a resolving power of R = 115 000, this instrument is the highest resolution spectropolarimeter available to the astronomical community. The compact optical design of the polarimeter allows it to be mounted before the fiber entrance at the Cassegrain focus of the telescope. This positioning of the polarimeter minimizes the instrumental polarization which is usually caused by the oblique reflections in the light path. HARPSpol consists of two independent polarimeters for circular and linear polarization measurements. Thus, it is possible to make observations in all four Stokes parameters. Each polarimeter consists of a superachromatic retarder plate (a half-wave or a quarter-wave plate) and a beam splitter based on a Foster prism. This design makes the polarimeter fully achromatic. The two polarized light spectra are recorded simultaneously through the two HARPS entrance fibers.
Our observations were carried out between May-June of 2009, January of 2010, and April-May of 2010. The date each of our target stars was observed is recorded in Table 2 . In total, we have observed HgMn targets on 26 nights, which were shared with other spectropolarimetric programs. We obtained high-resolution spectra with a typical S /N of 150-400. The spectra were recorded by a mosaic of two 2K × 4K CCDs, providing 45 polarimetric echelle orders on the blue CCD and 26 on the red one. For each night we have acquired a standard set of calibration images: 20 bias exposures, 20 flat fields and 2 ThAr frames. Flat field and ThAr images were exposed with the polarimeter in the circular polarization mode.
All HgMn stars were observed in circular polarization, covering the wavelength range of 3780-6913 Å with a small gap at 5259-5337 Å. Each observation of an individual star was split into four sub-exposures corresponding to differing positions of the quarter-wave plate: 45
• , 135
• , 225
• and 315
• relative to the optical axis of the beam-splitter. The length of individual subexposures ranged between 160 and 350 s. In a few cases stars were observed with only 2 sub-exposures. The majority of our targets were observed only once; however, 10 stars, mainly spectroscopic binaries, were observed several times. For HD 11753 and HD 32964 we obtained complete coverage of the rotational and orbital periods respectively. Analysis of these HgMn stars will be presented in future publications.
Reduction of the data
The reduction of our HARPSpol observations was performed with the REDUCE package of Piskunov & Valenti (2002) . This set of IDL routines applies a standard sequence of reduction 1 http://simbad.u-strasbg.fr/simbad/ and calibration procedures to the cross-dispersed echelle spectra. Bias images are averaged and subtracted from the average flat and science images. Spectral orders are located using the average flat field with the help of a cluster analysis method. The flat field is normalized and is used to correct the pixel-to-pixel sensitivity variations in the science images. After the removal of scattered light, the science spectra are extracted using the optimal extraction algorithm described by Piskunov & Valenti (2002) .
The intrinsic long-term stability of the HARPS spectrometer is of the order of 1 m s −1 (Mayor et al., 2003) . We do not expect the polarimeter to adversely affect this stability because it does not significantly modify the seeing-limited illumination of the HARPS fibers (Snik et al., 2008 ). Since we do not require an extremely high velocity accuracy for our observations, it was sufficient to use only one nightly ThAr spectrum for the wavelength calibration. Using ≈ 700-900 ThAr lines in a 2-D wavelength calibration routine, we obtained an internal wavelength calibration accuracy of 18-21 m s −1 . In the final step before the calculation of the Stokes parameter spectra we performed continuum normalization, dividing each spectrum by a smooth, slowly varying function. This function was obtained by fitting the upper envelope of the blaze-corrected merged spectrum.
For the calculation of the circular polarization we use the ratio method described by Bagnulo et al. (2009) . The method reduces the spurious polarization effects by an appropriate combination of the two physical beams recorded for four different retarder plate positions. Along with the circular polarization we also derive a diagnostic null spectrum. It is obtained by combining individual sub-exposures destructively, thus canceling the stellar polarization signal and showing the residual instrumental polarization remaining after application of the ratio method. Below we use the null spectrum in the same analysis steps as the Stokes V spectrum, thus providing a realistic estimate of possible errors.
Using the eight spectra in the four individual sub-exposures of each star provides a convenient means to detect and remove cosmic ray hits that otherwise seriously distort the final Stokes spectra. Affected pixels are identified by their large deviation from the median and are substituted by the latter. Since our exposure times were relatively short, only 1-2 pixels required correction in each echelle order.
Data analysis and results
LSD analysis
A major difficulty when searching for weak (below 100 G) magnetic fields in stars is the weakness of expected polarimetric signal. As one can see from Fig. 1 , it is difficult to conclude anything about the presence or absence of the magnetic signal in individual spectral lines even with our best Stokes V spectra. To alleviate this problem, a line addition technique, called Least-Squares Deconvolution (hereafter LSD) developed by Donati et al. (1997) , is commonly used to detect weak stellar magnetic fields. This technique has proven to be a very effective tool, allowing extraction of high-precision Stokes I and V profiles by combining the information from all available metal lines in the spectrum. The main assumption of LSD is that all spectral lines are identical in shape and can be represented by a scaled average profile. Using this model one can reconstruct the average profile from an observed intensity or polarization spectrum, obtaining an increase of the signal-to-noise ratio by a factor of up to [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] of the LSD technique, it is possible to measure magnetic fields weaker than 1 G Lignières et al., 2009) .
The LSD analysis requires prior knowledge of the line positions and strengths. We have compiled a number of line lists using VALD (Piskunov et al., 1995) together with a 1-D, LTE stellar atmosphere models with effective temperatures ranging from 10000 K to 18000 K in 500 K steps. The atmosphere models were calculated with the LLmodels code (Shulyak et al., 2004) , assuming solar abundances. When doing the spectrum synthesis to estimate central line depths in order to select lines to include in our line lists, the abundances of some chemical elements were changed with respect to the Sun to mimic the abundance pattern typical of an HgMn star, e.g.
The effective temperature of each star, derived from the Strömgren photometric colors, was rounded to the nearest value in the model grid. A separate line mask was then created for each stare. In order to exclude very weak lines from the calculation of LSD profiles, we required that the central depth of each line be ≥ 10% of the local continuum in order for the line to be included in the list. For the coolest star in our sample (T eff ≈ 10500 K) this gave us 753 lines for the calculation of the LSD profiles, while for the hottest star (T eff ≈ 14000 K) we used 344 lines. The resulting gain factor ranges from 5 to 17, depending on the S /N of observations and the T eff of the star.
For Stokes I, the line weights employed in the LSD analysis are assumed to be the central line depths provided by VALD. For the Stokes V spectrum, we computed line weights using
where d is the central line depth, z is the effective Landé factor, λ is the laboratory wavelength of the respective line and λ 0 is a normalization wavelength, which we assumed to be equal to 4800 Å. In a few cases when Landé factors of the upper and/or lower atomic levels were missing in VALD, we used the LS-coupling scheme to compute them. In all other cases Landé factors come from the quantum-mechanical calculations of Kurucz 2 . This way of assigning weights is considered standard (Donati et al., 1997 We derived the Stokes I, V and null LSD profiles using the code written by one of us (Kochukhov et al., submitted) . All profiles were reconstructed using a velocity grid with a binsize of 0.8 km s −1 , corresponding to the average pixel scale of HARPSpol spectra. The formal uncertainties of the LSD profiles were obtained by propagating the variance provided by the spectral reduction code for individual pixels. To account for possible under-or over-estimation of the error bars and for the eventual failure of the LSD assumptions, we scaled the uncertainties of the calculated LSD profiles to achieve reduced chi-square values of 1.0, in the same manner as described by Wade et al. (2000) . In Fig. 2 we show an example of the LSD spectra obtained for the sharp-lined HgMn star HD 71066. This is the object for which we have achieved our lowest uncertainty for the magnetic field diagnostics. 
Magnetic field measurements
The mean longitudinal magnetic field, B z , was inferred from LSD profiles. Prior to the magnetic field measurements, we renormalize each LSD profile by a constant factor in order to obtain the correct continuum normalization. The displacement of the continuum is caused by the contribution of numerous unaccounted for weak blends in the LSD I profile, resulting in a slightly lower continuum level. The scaling of LSD I, V and null profiles was done consistently for each star. Then renormalized LSD profiles were used to estimate the longitudinal magnetic using
where V corresponds to the LSD circular polarization spectrum and I corresponds to the LSD intensity profile, v is the velocity, and v 0 is the velocity of the center-of-gravity of the LSD Stokes I profile. The constant factor in the right hand side of Eq. (2) includes λ 0 -the normalization wavelength of the LSD profile, equal to 4800 Å, and z 0 -Landé factor of the LSD profile, equal to 1 according to our definition in Eq.
(1). The resulting values of B z are in Gauss. The uncertainties in the B z measurements are calculated by propagation of the LSD profile uncertainties.
The integration limits in Eq. (2) were chosen on the basis of the LSD I profile for each star. We note that the choice of integration limits can be quite important for the resulting B z and its errors bar, especially for stars with v e sin i < ∼ 25 km s −1 . The integration limits must be selected symmetrically with respect to the core of the LSD I profile. They should not exclude the wings of the profile but, at the same time, should not extend too far into the continuum which contains no useful polarization signal. We find that for very slowly rotating stars the sensitivity of our B z measurements can be degraded by 5-7 G if the integration limits are changed by ∼3 km s −1 . In this case we carefully chose the integration limits in order to reach the best precision of the longitudinal field determination. In the case of faster rotators, the definition of the measurement window is less important, so the integration limits can be set with the precision of ∼5 km s −1 . The same measurement procedure was also applied to the LSD profiles calculated from the null spectrum in order to test whether a real polarization signature is contained in the stellar spectrum or if it is produced by spurious polarization. In general, the uncertainties of the longitudinal magnetic fields determined from the Stokes V and null spectra are in excellent agreement and in none of the cases do we derive significant longitudinal field from the null profile. This result confirms the quality of our observations and analysis and suggests the absence of noticeable spurious polarization.
We have measured magnetic fields for 41 objects. Since the target list includes SB2 systems with the contribution of both stars clearly visible in the LSD profiles, we also measured magnetic fields in 6 secondary components. Most of them are Am stars (Ryabchikova, 1998) , except HD 27376 where the secondary has Hg peculiarity. There are 68 B z measurements in total, as some of the stars were observed more than once.
For all stars, our measured B z values are below the 3σ level. Similarly we do not detect B z using the null spectra. The best precision we achieved for our longitudinal magnetic field measurements was for HD 71066, resulting in an uncertainty of just 0.81 G. shows the distribution of the ratio of B z to its uncertainty. The lower panel illustrates the overall distribution of the longitudinal field uncertainties. The sensitivity of the majority of our measurements lies in the range of 1-20 G, which is much better than in previous studies of HgMn stars.
For certain magnetic field configurations the first moment of the LSD Stokes V profile appearing in Eq. (2) may be zero, while the profile itself shows a magnetic signature. In order to examine such situations we employed the False Alarm Probability (FAP) analysis (Donati et al., 1997) . It is a χ 2 probability statistic, which estimates the probability that a given signal is produced by random noise. We employed FAP analysis as a tool for the detection of a magnetic signal in the LSD Stokes V spectra, assuming no detection if FAP > 10 −3 , marginal detection if 10 −3 ≤ FAP≤ 10 −5 and definite detection if FAP < 10 −5 . We report no detection of any signatures indicative of a magnetic field in any of the 41 HgMn stars we observed. There is also no evidence of the coherent signal in any of the null spectra. For one star, HD 178065, the FAP analysis of the LSD Stokes V yielded a marginal detection. This result could be a statistical fluctuation since the measured FAP is close to the (arbitrary) boundary between no detection and marginal detection. No longitudinal magnetic field was detected for this star ( B z = −2.26 ± 2.08 G).
A complete summary of our analysis of the circular polarization spectra of HgMn stars is presented in Table 2 . In the columns from left to right we list the stellar HD number, designation of a binary component (A -for primary, B -for secondary and AB -for one measurement of the blended components of HD 27376). This is followed by columns containing the Julian date of observation, the signal-to-noise ratio of the observed Stokes V spectrum and of the reconstructed LSD Stokes V profile, the mean longitudinal magnetic field derived from the Stokes V and null spectra, together with the respective uncertainties. In a few cases polarization measurements were based on 2 sub-exposures only, which did not allow us to com- pute the null spectrum. The uncertainties correspond to 1σ confidence levels. The last column gives the FAP for the presence of a signal in the LSD Stokes V profile. All LSD Stokes I, V and null spectra are presented in Fig. 5 (Online material).
Discussion
As already mentioned, previous studies of magnetic fields in HgMn stars did not detect longitudinal fields stronger than 29-100 G, and in one particular case the limits were 6-19 G. These 1 σ error bars are not low enough to exclude the presence of the longitudinal fields weaker than ∼100 G, which could result from dynamically important local magnetic field structures covering only a fraction of the stellar surface. Thus, our understanding of the magnetic characteristics of these stars was fundamentally incomplete. In order to achieve a more detailed picture of the magnetic properties of HgMn stars, we studied a large sample of such stars with the most stable and modern spectropolarimeter available. Our analysis of the Stokes V spectra showed no evidence of any polarimetric signal, setting 3σ upper limits on the longitudinal field present of 3-30 G for the majority of the stars we observed. For one sharp-lined HgMn star we obtained an uncertainty of σ B z <1 G, which is better than previously achieved with a single observation of any early-type star. In addition to obtaining null results for longitudinal magnetic field measurements, we analysed the Stokes V LSD profiles themselves, finding no evidence for complex polarization signatures. Thus, we conclude that mercury-manganese stars do not possess strong, but topologically complex, magnetic fields. If we restrict ourselves to a dipolar magnetic field topologies, the dipole strength can be roughly estimated as B d ∼ 3 B z . Based on our longitudinal field measurements, we conclude that the HgMn stars do not possess dipolar fields stronger than 3-30 G.
It is important to evaluate our results in the context of the possible role of magnetic fields in the recently discovered spot formation on HgMn stars. Although there are no detailed models describing the process of the interaction between magnetic fields and the plasma, it is understood (e.g., Wade et al., 2006; Aurière et al., 2007) that this interaction becomes important when the strength of magnetic field exceeds the equipartition limit, defined by Wade et al. (2006) as B eq = 12πP gas . At this field strength the energy of the magnetic field equals that of the gas.
We estimated the value of the equipartition magnetic field strength for atmosphere models with effective temperatures of T eff =10000 K and T eff =15000 K, representing the range covered by our sample of HgMn stars. Using thermodynamic parameters tabulated in these models and assuming the ideal gas law, we calculated the equipartition field as a function of the optical depth in the continuum. The result is presented in Fig. 4 . From this figure we can see that the value of B eq at log τ 5000 = −0.5 is ∼200 G for the stars of both low and high effective temperatures. The value of B eq then decreases to 100 G at log τ 5000 = −2 for T eff =10000 K and to 60 G for T eff =15000 K. The majority of spectral lines used in our measurements form over a range in optical depth from log τ 5000 = −0.5 to −2. In this interval the values of B eq are much higher than our upper limits for the organized magnetic field on the stellar surface. Thus, it appears there are no magnetic fields on the surfaces of HgMn stars that could lead to the formation of chemical spots. These conclusions apply to the fields stronger than ∼ 10 G probed by our study. On the other hand, we cannot exclude the presence of complex magnetic fields with a field strength of ∼ 1 G in surface spots, similar to the tangled magnetic topology suggested for Vega (Petit et al., 2010) . These results lead to the conclusion that there exists a real dichotomy between HgMn and magnetic Ap stars. The latter show chemical inhomogeneities in the presence of dipolar-like magnetic fields stronger than 300 G. This limit is determined by the field strength that can withstand shearing by differential rotation and survive at the surfaces of early-type stars (Aurière et al., 2007) . In contrast to magnetic Ap stars and despite a similarity in fundamental parameters, HgMn stars clearly do not have magnetic fields reaching this limit. Consequently, the surface chemical structures in mercury-manganese stars must form under a mechanism fundamentally different from magnetically-driven spot formation in hot Ap or cool active stars.
A detailed Doppler imaging study of the surface structures on the brightest HgMn star, α And, carried out by Kochukhov et al. (2007) using observations collected over a period of seven years led to the remarkable discovery of Hg spot evolution. This is very different from the spotted early-type magnetic stars, in which the morphology of spots remains steady over tens of years. The fact that no magnetic field was detected in α And (Wade et al., 2006) makes the explanation of the spot formation and evolution a very challenging task. Kochukhov et al. (2007) suggested that mercury atoms are concentrated in a thin layer where the radiation pressure and gravitational force compensate for each other. The observed changes in the spot morphology are then ascribed to hydrodynamical instabilities, upsetting the fine force balance in the Hg cloud. The physics of this intricate process and its relation to the binarity, stellar rotation and dynamic atomic diffusion effects is yet to be explored.
Despite being frequent targets of detailed abundance analyses during more than half a century, HgMn stars were recognized as spotted variables only recently. To date, 7 spotted HgMn stars have been found. It is uncertain how many more such stars will be discovered. Prior to the formulation of exotic theories of nonmagnetic chemical spot formation, it is important to determine a complete picture of the occurrence rate of chemical inhomo-geneities on the surface of HgMn stars. If spots are found in only a small fraction of these objects, it may be that the observed structure formation is associated with a certain stage of stellar evolution or a certain configuration of the binary system. On the other hand, discovery of spots in the majority of HgMn stars would indicate the presence of a universal hydrodynamical process, not anticipated in current stellar models.
We believe that in-depth studies of selected spotted HgMn stars as well as a broad search for spectral line variability in all accessible objects of this type will provide sufficient observational constraints for the development of a theory of nonmagnetic spot formation. Analysis of known spotted stars can yield information on the time-scales of spot evolution and, possibly, on the heights of these inhomogeneities relative to the typical line formation regions. It is also important to continue searching for weak magnetic fields in spotted HgMn stars as previously done by Wade et al. (2006) for α And and by Folsom et al. (2010) for AR Aur. On the other hand, a line profile variability survey of a large sample of HgMn stars will help us to uncover dependencies on stellar parameters, rotation rate or binarity, possibly revealing a correlation of one these factors with the presence of spots. In subsequent studies of HgMn stars we plan to carry out both detailed studies of individual objects and to perform variability surveys to find new spectrum variable stars. HD−1909 HD− , 2010 
